The angular momentum is separated in the Fadeev equations for the three-body scattering amplitude. The method used is symmetrical with respect to the three particles and does not introduce any relative angular momentum of two-particles. The resulting equations are well suited to a m.imerical solution and can be applied to a study of the problem of overlapping resonances. They also provide a natural starting point for an extension of the three-body scattering amplitude to complex angular momentum .
I. INTRODUCTION
This is the first of a series of papers devoted to the angular momentum analysis of the three-body scattering amplitude, by which we \•J mean the amplitude for three particles going from one initial configuration to a final one through the effect of two-particle interactions. In the follow-· ing paper, we shall see how one can find equations for the three-body scattering amplitude when the total angular momentum is made complex. The present article therefore treats of more immediate--and less mathematical--questions, The reason for the splitting is our hope that this work will prove useful for people who are not interested in the extension of the Regge theory to three-body problems or who do not.want to enter into the necessarily more sophisticated mathematics it involves.
When one tries to extend to three-body scattering,the well-known methods for treating two-body scattering, several new problems appear, beside the obvious increase in complexity due to the larger number of param-1 eters.
Certainly the most essential such problem is the nonconnectedness of the scattering matrix. ·This means that processes are possible in which two of the particles interact while the third one has no interaction with them.
In terms of perturbation-theory graphs, such a disconnected process is represented by a graph in which the propagation line for the third particle is disconnected from the rest of the graph (which represents the interaction of '• the two fi.r st particles). This phenomenon leads to difficulties which can be expressed in several ways:
If one.uses the Lippman-Schwinger 2 equation to formulate the threebody scattering problem, the disconnectedness leads to the appearance of 6 functions in the kernel. This in turn entails. that the Lippman-Schwinger kernel has a continuous spectrum, which means that any clas sica! approximation method such as, for instance, the iteration method, will converge very slowly if at all, and that it will be practically impossible to derive any analytic pr()-perty of the solution as a function of the parameters such as the energy or th~ angular· momentum, Another difficulty of the Lippman- 3 who has given a ~et of • equations for the three-body scattering a~plitude where there are no 6 functions and whose kernel has continuous spectrum. Another set of equations that can be extended to more than three-body processes has also been given by Weinberg. 4 In the following, we shall use the Fadeev equations, but most of what we shall say will also be valid for the Weinberg equations.
Another nontriviality of the three-body problem, although less fundamental than the preceding one, appears when one wants to separate the total angular momentum. 5 The customary method consists in introducing the relative angular momentum of particles 1 and 2, for instance, in their centerof-mass system and combining with the angular momentum of particle 3 in the total center-of-mass system in order to get the total angular momentum UCRL-11162 (here and in the following, we assume for simplicity .that the three particles are spinless). This procedure leads to very slowly convergent expressions when one wants to consider states of particles 1 and 3 together, as in rearrangement collisions. We shall show how this difficulty can be removed by never introducing the relative angular momentum of a pair of particles.
Our method consists in associating a reference system of axes in the momentum representation with each configuration of the three particles.
The wave function is therefore a function of the total momentum, the three energies of the particles in the total center -of-mass system, and three Euler angles which characterize the position of the body.,.fixed axes. Correspondingly, the quantum numbers are the total momentum, the three energies, the total angular momentum and its two projections on a body-fixed axis and on a space-fixed axis. Because of the conservation of angular momentum, its projection on the spaced-fixed axis will be a constant that does not appear in the final equations. This method preserves the symmetry of the problem with respect to the three particles. An unexpected result is that the Fadeev equations then assume a simple enough form that it is a fair hope to solve them on a computer. We thus get a method for investigating the important problems of three-body resonances and of the interference of several resonances in a Dalitz plot.
The interest of this extremely simple technique can best be seen by comparing it with the present studies of the three-body scattering problem 5 6 with separation of the angular momentum.
• · To our knowledge, they consist in introducing the relative angular momentum of particles 1 and 2, ·as said before. Then the total wave function is projected out on a complete set of states of particles 1 and 2; these states are solutions of the Schr~dinger equad.orr for these particles interacting through their mutual potential. iable r .. = r . ~ r . of the wave function.
-1J -1 -J It will be convenient to introduce the two-body scattering amplitudes.
The Hamiltonian of the system made up by the two particles 1 and 2 is {2) and the scattering matrix for these two particles is defined by the Lippman··
Here the "hat" means that the operators act in the Hilbert space of two~ body states; and we have explicitly introduced the parameter z, which indicates an extension off the shell of real energies. The scattering··matrix for physical two~ body scatteri:ifg is defined as lim z-E+iO E being the total energy (for instance, the total initial energy). is the matrix element of (7) UCRL-1. 1.162 where T can be written as a sum of three contributions,
which satisfy a set of equations that, in a matrix form, is and then anything else happens. ~his gives the contribution -T 23
of the Fadeev equations. The important property of these equatibns is that, if The total momentum is £. = !! 1 + !! 2 + .£. 3 . We shall need also to introduce the relative momentum of particles 2 and 3 in their relative center -of-mass system as
We shall occasionally use ·a special notation for certain sums of masses like !_ is a constant of the motion, and so is the space -fixed z axis, Lastly, as M will z also be a constant of the motion and will appear only as a dummy index, so that we shall frequently omit it, writing simply 'the state: · I .wJM) .
These states will be normalized according to 
The coefficient A is a normalizatio,n coefficient which can be easily deduced from a comparison between Eqs. (21.) and (22) as (24) Furthermore, the number of states in a domain of measure d 3 P dw 1 dw 2 dw 3 , with J, M, and M fixed, is equal to z
Although the calculation of expressions (24) and (25) is straightforward, the necessary steps are indicated in the Appendix.
IV. THE INHOMOGENEOUS TERM OF THE FADEEV EQUATIONS
We have now to find what the Fadeev Eq. (9) become when we take their matrix elements between states l~wJM) . For instance, one matrix element of the first row in the left-hand side of Eq. (9) will be ( ~~ w' JM 1 I T( i)(z) I ~wJM) . Taking advantage of the conservation of total momentum, we shall extract the o functions which take care of it by writing
and so on.
Our first task will be to compute (26 b), which is the inhomogeneous term in the Fadeev equations. {;Ising Eq. (23) and defining
one has (28)
In writing that last equation we have tried to avoid unnecessary indices.
Here R stands for the set of three Euler angles (ljJ, 8, cp), while E 1 = p 1 2 /2m 1 , and so on, According to Eq. (6), the p1at:t:ix element in Eq• (28) is equal to
{29)
In order to compute Expression (28), one can pr.oceed.as follows: 
where we have written M 1 rather than M to emphasize that Eq. (36) is true only when the body-fixed z axis is chosen alongside .e. 1 .
In order to remove· that last condition, we have to find what Eq. (36) becomes when the body-fixed axis, while lying in the plane of £. 
V .. REDUCED FADEEV EQUATIONS
The complete Fadeev equations ·can be reduced in the same way we used for the inhomogeneous term. One thus obtains 
In fact, the kernel (47) a K resonance while the low~energy S-wave K-R interaction is presumably strong. While. our method is essentially nonrelativistic, it is easy to derive relativistic approximation which, at least, will keep the qualitative character of the interactions.
The following paper is devoted to the extension of Eq. (44) to complex values of the angular momentum.
Finally, it may be worth while to indicate that, at least in principle, the present method can be. extended to systems of more than three particles .
• ~21-
UCRL-11162
one get an expression of the scalar product which can be directly compared to Eq. Equation (A.6) can be obtained by using the orthogonality property (A.5). 3 .
Clearly the total momentum will give a factor d -~ for the number (2u) · of states. Around P'= 0, the number of states will be of the form - 
